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(57) ABSTRACT 

A scavenger receptorA expression down-regulator and a drug 
for preventing or treating arteriosclerosis Which contain, as 
the active ingredient, a C-terminal globular domain of adi 
ponectin, adiponectin, or a gene encoding the domain or 
adiponectin. According to the present invention, there is pro 
vided a preventive or therapeutic agent capable of directly 
preventing intimal thickening, Which constitutes an essential 
feature of arteriosclerosis. This effect can be attained through 
arresting the onset and development of arteriosclerosis by 
reducing the expression level of scavenger receptorA in arte 
rial Walls and preventing lipid buildup in macrophages. 

3 Claims, 14 Drawing Sheets 
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METHOD FOR TREATING 
ARTERIOSCLEROSIS 

TECHNICAL FIELD 

The present invention relates to a drug for preventing or 
treating arteriosclerosis. 

BACKGROUND ART 

The term “arteriosclerosis” refers to a pathological condi 
tion Where the Walls of an artery lose elasticity and become 
brittle. Arteriosclerosis is one of key factors causing aduet 
diseases, including cerebral hemorrhage, cerebral infarction, 
myocardial infarction, and nephrosclerosis. Known causes of 
arteriosclerosis include hyperlipidemia, and bacteria, viruses, 
or lipid peroxide in blood. HoWever, the pathogenesis of 
arteriosclerosis has not yet been fully elucidated. In any case, 
since arteriosclerosis has been observed to begin With thick 
ening of arterial Walls caused by damage to the arterial intima 
or endothelium, there is keen demand for development of a 
drug capable of inhibiting thickening of the arterial intima. 

Accordingly, an object of the present invention is to pro 
vide a drug Which is effective for preventing or treating arte 
riosclerosis. 

DISCLOSURE OF THE INVENTION 

Under the above circumstance, the present inventors have 
devoted their research efforts to pharmacological actions of 
adiponectin, Which is knoWn to have an insulin resistance 
reducing effect, and have found that adiponectin-gene-de? 
cient mice shoW signi?cantly thickened arterial intima; and 
that adiponectin, a C-terminal globular domain thereof, or a 
gene thereof is useful as a preventive or therapeutic drug for 
arteriosclerosis, on the basis of their experimental results that 
When apoE-de?cient mice, Which are employed as athero 
sclerosis onset model mice, are manipulated to over-express 
adiponectin, in particular, the C-terminal globular domain of 
adiponectin, the onset of arteriosclerosis is suppressed. In 
addition, since over-expression of adiponectin loWers the 
expression level of scavenger receptorA Without signi?cantly 
affecting the levels of free fatty acid, neutral fat, or total 
cholesterol in blood, the inventors have concluded that the 
arteriosclerosis preventive action of adiponectin loWers the 
expression level of scavenger receptor A, Whereby accumu 
lation of lipids in macrophages is prevented. The present 
invention has been accomplished on the basis of these ?nd 
ings. 

Accordingly, the present invention provides a drug for 
preventing or treating arteriosclerosis, the drug containing, as 
an active ingredient thereof, a C-terminal globular domain of 
adiponectin, adiponectin, or a gene encoding the C-terminal 
globular domain of adiponectin or the adiponectin. 

The present invention also provides a scavenger receptorA 
expression doWn-regulator Which contains, as an active ingre 
dient thereof, a C-terminal globular domain of adiponectin, 
adiponectin, or a gene encoding the C-terminal globular 
domain of adiponectin or the adiponectin. 

The present invention also provides use, in the manufacture 
of a drug for preventing or treating arteriosclerosis, of a 
C-terminal globular domain of adiponectin, adiponectin, or a 
gene encoding the C-terminal globular domain of adiponectin 
or the adiponectin. 

The present invention also provides use, in the manufacture 
of a scavenger receptor A expression doWn-regulator, of a 
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2 
C-terminal globular domain of adiponectin, adiponectin, or a 
gene encoding the C-terminal globular domain of adiponectin 
or the adiponectin. 
The present invention also provides a method for treating 

arteriosclerosis, comprising administering, to a subject in 
need thereof, an effective amount of a C-terminal globular 
domain of adiponectin, adiponectin, or a gene encoding the 
C-terminal globular domain of adiponectin or the adiponec 
tin. 
The present invention also provides a method for doWn 

regulating the expression level of scavenger receptor A in a 
patient, comprising administering to the patient an effective 
amount of a C-terminal globular domain of adiponectin, adi 
ponectin, or a gene encoding the C-terminal globular domain 
of adiponectin or the adiponectin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically shoWs a gene targeting performed on 
adiponectin gene de?ciency, in Which, a restriction map of a 
mouse adiponectin gene (top), an adiponectin gene targeting 
vector (middle), and a deduced targeting allele (bottom). 

FIG. 2 shoWs the results of Southern blotting of ES-cell 
derived DNA samples Which have been digested With SpeI 
and EoRV. The bands of 17 kb are obtained from Wild-type 
alleles, and those of 10.5 kb are from mutated alleles. 

FIG. 3 shoWs the results of Southern blotting of SpeI- and 
EoRV-digested DNA samples from a Wild-type mouse, a 
hetero-de?cient (adipo +/—) mouse, and a homo-de?cient 
(adipo —/—) mouse. The bands of 17 kb are obtained from 
Wild-type alleles, and those of 10.5 kb are from mutated 
alleles. 

FIG. 4 shoWs the results of Northern blotting of White 
adipose tissue samples from a Wild-type mouse, a hetero 
de?cient (adipo +/—) mouse, and a homo-de?cient (adipo —/—) 
mouse. 

FIG. 5 shoWs blood adiponectin level of a Wild-type mouse, 
a hetero-de?cient (adipo +/—) mouse, and a homo-de?cient 
(adipo —/—) mouse. **P<0.0l. 

FIG. 6 shoWs blood leptin level of a Wild-type mouse, a 
hetero-de?cient (adipo +/—) mouse, and a homo-de?cient 
(adipo —/—) mouse. 

FIG. 7 shoWs the body Weight, at 6 Weeks of age, of a 
Wild-type mouse, a hetero-de?cient (adipo +/—) mouse, and a 
homo-de?cient (adipo —/—) mouse. 

FIG. 8 shoWs the results of an insulin tolerance test per 
formed on a Wild-type mouse and a hetero-de?cient (adipo 
+/—) mouse at 6 Weeks of age. *P<0.05. 

FIG. 9 shoWs the results of a glucose tolerance test per 
formed on a Wild-type mouse and a hetero-de?cient (adipo 
+/—) mouse at 6 Weeks of age. *P<0.05. 

FIG. 10 shoWs the results of a glucose tolerance test per 
formed on a Wild-type mouse and a hetero-de?cient (adipo 
+/—) mouse after having loaded With a high-fat diet for 10 
Weeks. *P<0.05, **P<0.0l. 

FIG. 11 shoWs the results of an insulin tolerance test per 
formed on a Wild-type mouse and a homo-de?cient (adipo 
—/—) mouse, at 6 Weeks ofage. *P<0.05, **P<0.0l. 

FIG. 12 shoWs the results of a glucose tolerance test per 
formed on a Wild-type mouse and a hetero-de?cient (adipo 
+/—) mouse, at 6 Weeks ofage. *P<0.05, **P<0.0l. 

FIG. 13 shoWs levels, in blood, of free fatty acid (FFA), 
neutral fat (TG), total cholesterol (TC) of a Wild-type mouse 
and a hetero-de?cient (adipo +/—) mouse. 

FIG. 14 shoWs levels, in blood, of free fatty acid (FFA), 
neutral fat (TG), total cholesterol (TC) of a Wild-type mouse 
and a homo-de?cient (adipo —/—) mouse. 
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FIG. 15 shows the inner diameter of a blood vessel of a 
Wild-type mouse and a hetero-de?cient (adipo +/—) mouse, as 
measured tWo Weeks after the mice underwent cuff place 
ment. 

FIG. 16 shoWs the degree of intimal thickening of a Wild 
type mouse and a hetero-de?cient (adipo +/—) mouse, as 
measured tWo Weeks after the mice underWent cuff place 
ment. 

FIG. 17 shoWs the degree of medial thickening of a Wild 
type mouse and a hetero-de?cient (adipo +/—) mouse, as 
measured tWo Weeks after the mice underWent cuff place 
ment. 

FIG. 18 shoWs the intima/media ratio of a Wild-type mouse 
and a hetero-de?cient (adipo +/—) mouse, as measured tWo 
Weeks after the mice underWent cuff placement. 

FIG. 19 shoWs the foci of arteriosclerosis in an apoE 
de?cient (apoE—/—:a) mouse and a gAd-overexpressed apoE 
de?cient (gAd Tg apoE—/—:b) mouse. 

FIG. 20 shoWs the areas of the foci of arteriosclerosis in an 
apoE-de?cient (apoE—/—) mouse and a gAd-overexpressed 
apoE-de?cient (gAd Tg apoE—/—) mouse (aortic arch (b), 
descending aorta (c), and their sum (a)). 

FIG. 21 shoWs the results of Oil Red O staining, reaction 
With anti-Mac3 antibody, and reaction With anti-scavenger 
receptor A antibody as observed in an apoE-de?cient 
(apoE—/—) mouse and a gAd-overexpressed apoE-de?cient 
(gAd Tg apoE—/—) mouse. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Adiponectin, Which is employed in the present invention, 
has already been cloned (Maeda, K. et al., Biochem. Biophys. 
Res. Commun. 221, 286-296 (1996), Nakano, Y. et al., J. 
Biochem. (Tokyo) 120, 802-812 (1996)), and is available 
through knoWn means. SEQ ID NOs: 1 and 2 shoW the nucle 
otide sequence and the amino acid sequence of human adi 
ponectin. Adiponectin is composed of an N-terminal col 
lagen-like sequence (cAd) a C-terminal globular domain 
(gAd; in SEQ ID NO: 1, amino acid Nos. 114 to 239 or 111 to 
242). The C-terminal globular domain (gAd) is preferred as it 
provides stronger arteriosclerosis preventive and therapeutic 
effects than full length adiponectin. SEQ ID NOs: 3 and 4 
shoW the nucleotide sequence and the amino acid sequence of 
mouse adiponectin. The N-terminal collagen-like sequence 
(cAd) of the mouse adiponectin stretches from 45 to 109 
(amino acid No.), and the C-terminal globular domain (gAd) 
stretches from 110 to 247 (amino acid No.). According to the 
present invention, not only proteins comprising the amino 
acid sequence of any of SEQ ID NOs: 1 to 4 or an amino acid 
sequence having the gAd domain, but also a protein compris 
ing a modi?ed amino acid sequence derived from substitu 
tion, deletion, or addition of one or more amino acid residues 
of any of these amino acid sequences may be employed, so 
long as it provides an effect as exhibited by adiponectin. 
Examples of such mutated proteins include those having 80% 
or higher homology, preferably 90% or higher homology, to 
any of the amino acid sequences of SEQ ID NOs: 1 to 4 or an 
amino acid sequence including the gAd domain. 

Examples of the gene Which is employed in the present 
invention include the genes coding for adiponectin (i.e., SEQ 
ID NOs: 1 and 3) and a gene coding for gAd. Also, there may 
be employed a gene having a nucleotide sequence capable of 
hybridiZing With any of these genes under stringent condi 
tions. 

Adiponectin or a polypeptide Which forms a portion of 
adiponectin (including gAd) may be isolated from cells con 
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4 
taining the same. HoWever, since a gene coding for adiponec 
tin has already been cloned, the adiponectin or the polypep 
tide may be prepared through a DNA recombinant technique; 
i.e., making use of transformant cells created by use of 
expression vectors produced through use of the gene. 
As Will be described hereinbeloW, adiponectin-de?cient 

mice exhibit high levels of neutral fat in blood, but their 
cholesterol levels are comparable to those of Wild-type mice. 
Moreover, adiponectin-de?cient mice, representing an arte 
riosclerosis model, exhibited intima thickening Which Was 
tWice the thickness as observed in Wild-type mice. In contrast, 
When apoE-de?cient mice, Which represent a spontaneous 
atherosclerosis model, are caused to over-express gAd, they 
exhibit a signi?cant reduction in arteriosclerotic area, pre 
venting development of arteriosclerosis. HoWever, overex 
pression of gAd induced in apoE-de?cient mice only insig 
ni?cantly affect general risk factors for arteriosclerosis, such 
as body Weight and blood sugar, and free fatty acid, neutral 
fat, and total cholesterol in blood. On the other hand, over 
expression of gAd induced in apoE-de?cient mice Was found 
to exhibit a loWered expression of scavenger receptor A in 
arterial Walls. Scavenger receptorA is a receptor Which, When 
macrophages engulf modi?ed LDL, binds to the modi?ed 
LDL on the surface of a cell, and is knoWn to play a key role 
as a receptor Which triggers the onset of arteriosclerosis. 

Accordingly, adiponectin, gAd, or a gene coding for adi 
ponectin or gAd is useful as a doWn-regulator of scavenger 
receptorA expression, or as a drug for preventing or treating 
arteriosclerosis. In particular, gAd or a gene encoding gAd is 
very useful in that it exhibits a more potent doWn-regulating 
effect on expression of a scavenger receptor as compared With 
adiponectin, and stronger preventive or therapeutic effect. 

For administering the drug of the present invention to a 
mammal including a human, pharmaceutical compositions of 
a variety of dosage forms may be produced through incorpo 
ration of a pharmacologically acceptable carrier to any of the 
aforementioned active ingredients. Among such dosage 
forms, preparations for injection are preferred. Examples of 
the pharmacologically acceptable carrier include distilled 
Water, a solubiliZer, a stabiliZer, an emulsi?er, and a buffer. 
The dose of any of the drugs may differ depending on the 
condition of the disease, sex, body Weight, etc., and may 
range from 0.1 pg to 10 mg/day or thereabouts, as reduced to 
the amount of adiponectin or gAd. 

EXAMPLES 

The present invention Will next be described in more detail 
by Way of examples, Which should not construed as limiting 
the invention thereto. 

A. Methods 

(1) Preparation of Knockout Mice 
Screening of a 129/Sv mouse genomic library Was per 

formed using adiponectin cDNA as a probe, Whereby a plu 
rality of clones harboring a gene encoding adiponectin Were 
obtained. A targeting vector Was constructed, in Which the 
region stretching from the translation initiation site to the 
translation termination site had been replaced by a neomycin 
resistant gene. ES cells Were transfected With the resultant 
targeting vector. Screening Was performed through Southern 
blotting, Whereby homologous recombinants of 5 clones 
Were con?rmed. Chimeric mice Were created by means of 
microinjection, and the mice Were crossbred With BI/6 to 
thereby produce F1, and then F2. 

Brie?y, an adiponectin-gene-de?cient mouse Was pro 
duced through homologous recombination as shoWn in FIG. 
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1. With an aim to knock out the mouse adiponectin gene, a 
targeting vector in Which exons 2 and 3 that encode adiponec 
tin Were replaced With a neo resistant gene Was prepared. 
Separate 5 homologous recombinant clones Were con?rmed 
through Southern blotting (FIG. 2). From ES cells having 
129/ Sv as a background, chimeric mice Were produced, and 
in order to create a hetero-de?cient mouse, they Were cross 
bred With BI/ 6. The genotype Was con?rmed through South 
ern blotting (FIG. 3). 

(2) Insulin Tolerance Test 
Human insulin Was intraperitoneally administered to test 

mice in an amount of 0.7 mU per gram (body Weight), and the 
mice Were fasted during the tolerance test. The blood Was 
collected from the tail vein, and blood sugar level Was mea 
sured by means of a Glutest Ace (registered trademark, prod 
uct of SanWa Kagaku Kenkyusho Co., Ltd.). 

(3) Glucose Tolerance Test 
Glucose Was perorally administered to test mice in an 

amount of l .5 mg per gram (body Weight). Prior to the admin 
istration, the mice had been fasted for at least 16 hours. The 
blood Was collected from the fundus vein, and blood sugar 
level and insulin level Were measured by means of a Glutest 
Ace (registered trademark, product of SanWa Kagaku Ken 
kyusho Co., Ltd.) and a rat insulin RIA kit (product of Amer 
sham Pharmacia Biotech), respectively. 

(4) Measurement of Blood Lipid Level 
After the test mice Were fasted for 16 hours, levels of free 

fatty acid, neutral fat, and total cholesterol, all in blood, Were 
measured by means of a NEFAC-test, a TGL-type, and a 
Tchol E-type (product of Wako), respectively. 

(5) Measurement of Blood Leptin Level and BloodAdiponec 
tin Level 

After the mice Were fasted for 16 hours, levels of leptin and 
adiponectin, both in blood, Were measured by means of a 
Quintikine M kit (product of R&D) and an adiponectin RIA 
kit (product of Linco), respectively. 

(6) Creation of a Thick Vascular Intima Model Through Cuff 
Placement 
A 2.0-mm polyethylene tube (PE-50) Was placed in the 

femoral artery. When tWo Weeks had passed, the artery Was 
press-?xed With formalin, and removed together With the 
opposite-side, uncuffed artery, Which served as a control 
artery. Each of the thus-removed blood vessels Was sliced to 
obtain continuous ring-shaped specimens, each having a 
length of 10 mm. Ten specimens Were taken and HE staining 
Was performed. The inner diameter of the blood vessel, the 
thickness of the intima, and the thickness of the media Were 
measured, and intima/media ratio Was calculated. 

(7) Preparation of gAd-Overexpressed Mice 
According to the method described in Diabetes 48, 1822 

1829 (1999), a fused gene containing a human SAP promoter 
and mouse gAd cDNA Was prepared. Puri?ed Hind III-XhoI 
fragments Were microinj ected to pronuclei of fertiliZed ova of 
C57BL6 mice (product of Clea Japan, Inc.). Tail DNA 
samples obtained from the resultant transgenic mice Were 
subjected to Southern blotting through use of a gAd cDNA 
probe for the Bgl II/Hinc II site of gAd, Whereby gAd over 
expression of the transgenic mice Was con?rmed. 

(8) Production of gAd-Overexpressing apoE-De?cient Mice 
gAd-overexpressing apoE-de?cient mice Were crossbred, 

to thereby produce gAd-overexpressing apoE-hetero-de? 
cient mice. The resultant mice Were crossed further With 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
apoE-de?cient mice, to thereby create apoE-de?cient mice 
exhibiting over-expression of gAd. 

(9) Measurement of Blood Sugar Level and Lipid Level 
Mice Were fed until they Were full, and their blood sugar 

level and levels, in blood, of free fatty acid, neutral fat, and 
total cholesterol Were measured by means of a Glutest Ace 
(registered trademark, product of SanWa Kagaku Kenkyusyo 
Co., Ltd.), an NEFA C-test, a TGL-type, and a Tchol E-type 
(Products of Wako), respectively. 
(10) Evaluation of the SiZe of Arteriosclerotic Foci 
From each of gAd-overexpressed apoE-de?cient mice (4 

months old) and control apoE-de?cient mice, the aortic arch 
and the descending aorta Were removed, ?xed With formalin, 
and then subjected to staining With Sudan IV. The arterioscle 
rotic foci Were evaluated in terms of their size. 

(11) Evaluation in Terms of Buildup of Cholesterol Ester, 
Expression Level of Scavenger Receptor A, and Macrophage 
Accumulation 

Frozen samples of continuous ring-shaped specimens of 
the annulus portion of the aorta Were prepared. Ten such 
samples Were subjected to immunostaining by use of Oil Red 
0, anti-scavenger receptorA antibody, or anti-Mac3 antibody 
(a macrophage-speci?c marker), Whereby buildup of choles 
terol ester, expression level of scavenger receptor A, and 
macrophage accumulation Were evaluated, respectively. 

B. Results 

(1) Mouse-Adiponectin-Gene—De?cient Mice 
Through Northern blotting of White adipose tissue, the 

expression level of adiponectin in the hetero-de?cient mice 
Was found to be reduced by about 60%, and the homo-de? 
cient mice Were found to exhibit completely no adiponectin 
expression (FIG. 4). Indeed, When blood adiponectin level 
Was measured in the hetero-de?cient mice, the magnitude of 
reduction Was found to be about 60%, and the level in the 
hetero-de?cient mice Was found to be loWer than the unde 
tectable level (FIG. 5). With respect to the blood leptin level, 
no difference Was observed (FIG. 6). 

(2) Insulin Resistance of Mouse-Adiponectin-Gene-De? 
cient Mice 

In three groups of 6-Week-old mice; i.e., Wild-type group, 
hetero-de?cient (adipo +/—) group, and homo-de?cient 
(adipo —/—) group, there Was no difference in terms of body 
Weight (FIG. 7). The 6-Week-old Wild-type mice and hetero 
defective mice of the same age Were subjected to an insulin 
tolerance test, to thereby check their insulin sensitivity. The 
degree of reduction in blood sugar level in response to exog 
enous insulin Was statistically signi?cantly loW in the hetero 
de?cient mice, proving that the hetero-de?cient mice had 
insulin resistance (FIG. 8). 

Next, a glucose tolerance test Was performed. No differ 
ence Was observed betWeen the tWo groups of Wild-type mice 
and hetero-de?cient mice in terms of blood sugar or insulin 
level (FIG. 9). HoWever, as compared With the Wild-type 
mice, the hetero -de?cient mice, after having been loaded With 
l0-Week high fat diet, exhibited a signi?cantly high blood 
sugar level before and after loading With glucose, though the 
body Weight remained in a similar level (FIG. 10). 

AfterWards, analysis on the homo-de?cient mice Was per 
formed. 
An insulin tolerance test performed on 6-Week-old Wild 

type mice and homo-de?cient mice of the same age. As com 
pared With the Wild-type mice or the hetero-de?cient mice, 
the degree of reduction in blood sugar level in response to 
exogenous insulin Was statistically signi?cantly loW in the 
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homo-de?cient mice, proving that the homo-de?cient mice 
had insulin resistance higher than the corresponding levels of 
the Wild-type mice and homo-de?cient mice (FIG. 11). 

Next, a glucose tolerance test Was performed. In both 
stages of during fasting and after glucose loading, the homo 
de?cient mice exhibited blood sugar levels higher than the 
case of Wild-type mice. This substantiates that homo-de? 
cient mice had slightly impaired glucose tolerance in addition 
to insulin resistance (FIG. 12). Before administration and 30 
minutes after administration, no difference Was observed 
betWeen the Wild-type group and the homo-de?cient group in 
terms of the insulin levels before and after glucose loading. 
HoWever, the homo-de?cient mice shoWed a someWhat loW 
insulin level at 15 min (FIG. 12). 

(3) Blood Neutral Fat Level in Adiponectin Homo-De?cient 
Mice 

In order to check the effect of adiponectin on lipid metabo 
lism, levels, in blood, of free fatty acid (FFA), neutral fat 
(TG), and total cholesterol (TC) Were determined in Wild 
type, hetero-de?cient, and homo-de?cient mice (FIGS. 13 
and 14). The hetero-de?cient mice did not shoW any differ 
ence in level of any of the three test items as compared With 
the Wild-type mice (FIG. 13). HoWever, the homo-de?cient 
mice shoWed signi?cantly higher blood neutral fat levels than 
the Wild-type mice (FIG. 14). 

(4) Thickening of Intima in Cuff-Injured Models of Mouse 
Adiponectin Hetero-De?cient Mice 

In order to investigate the effect of adiponectin on arterio 
sclerosis, the degree of intimal thickening induced by cuff 
placement Was measured in the Wild-type mice and the het 
ero-de?cient mice for comparison therebetWeen. No differ 
ence Was observed betWeen the tWo groups in terms of the 
vascular inner diameter after cuff-induced injury Was created 
(FIG. 15). When 2 Weeks had elapsed after creation of cuff 
injury, the hetero-de?cient mice shoWed about 1.8 times the 
thickness of the intima of the Wild-type mice (FIG. 16). HoW 
ever, no difference Was observed betWeen the tWo groups in 
terms of the thickness of the media (FIG. 17). The intima/ 
media ratio of the hetero-de?cient group exhibited a ratio 
about tWo-fold that of the Wild-type mice (FIG. 18). 

(5) Prevention of the Onset of Arteriosclerosis in gAd-Over 
expressing apoE-De?cient Mice 

ApoE-de?cient mice, Which represent a spontaneous arte 
riosclerosis model, Were caused to overexpress gAd and stud 
ied Whether or not onset of arteriosclerosis Was prevented. 
The results are shoWn in FIGS. 19 and 20. In FIG. 19, “a” 
shoWs the results of Sudan IV staining of aorta samples from 
apoE-de?cient mice, and “b” shoWs the results of Sudan IV 
staining of aorta samples from gAd-overexpressed apoE-de 
?cient mice. As is evident from the comparison betWeen “a” 
and “b,” gAd-overexpressed apoE-de?cient mice clearly 
shoW a reduction in the incidence of arteriosclerotic foci. FIG. 
20 shoWs comparison With respect to the area of arterioscle 
rotic foci. FIG. 20 shoWs that over-expression of gAd caused 
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8 
signi?cant reduction in the area of arteriosclerotic foci, Which 
are stained With Sudan IV, in any case of aortic arch (b), 
descending aorta (c), the sum of the mentioned tWo cases (a), 
indicating arresting of the onset of arteriosclerosis. 

(6) Effect of gAd Overexpression on Arteriosclerosis Risk 
Factors in apoE-De?cient Mice on a Normal Diet 
The body Weight, blood sugar level, and levels, in blood, of 

free fatty acid, neutral fat, and total cholesterol of gAd-over 
expressed apoE-de?cient mice on a normal diet are shoWn in 
Table 1. 

TABLE 1 

Mouse 

gAd Tg Statistical 
apoE—/— apoE—/— signi?cance 

Body Weight (g) 29.8 r 1.2 29.9 r 1.5 none 
Plasma glucose level 145 r 4 152 r 8 none 
(mg/dl) 
Serum total cholesterol 541 r 49 509 r 32 none 

level (mg/dl) 
Serum triglyceride 127 r 52 104 r 24 none 
level (mg/dl) 
Serum free fatty 0.53 r 0.08 0.57 r 0.04 none 

acid level (mEq/L) 

Mean : s.e. (n = 5) 

As shoWn in Table 1, When apoE-de?cient mice on a nor 
mal diet Were caused to over-express gAd, no signi?cant 
effect Was exerted on arteriosclerosis risk factors such as body 
Weight and blood sugar, and free fatty acid, neutral fat, and 
total cholesterol in blood. This suggests that gAd possibly 
acts on vascular Walls or macrophages directly, to thereby 
exhibit anti-arteriosclerotic activity. 

(7) Mechanism of Arresting Onset of Arteriosclerosis by gAd 
With an aim to elucidate the mechanism of the interaction 

betWeen gAd and vascular Walls or macrophages, froZen 
samples of continuous ring-shaped slices of annulus portion 
of the aorta Were subjected to immunostaining by use of Oil 
Red O, anti-scavenger receptor A antibody, and a macroph 
age-speci?c marker; i.e., anti-Mac3 antibody. As a result, as 
shoWn in FIG. 21, over-expression of gAd, though having no 
signi?cant impact on accumulation of macrophages, Were 
found to reduce the expression level of scavenger receptor A, 
suppress buildup of lipids in macrophages, and arrest the 
onset of arteriosclerosis. 

INDUSTRIAL APPLICABILITY 

The present invention provides a preventive or therapeutic 
agent capable of directly preventing intimal thickening, 
Which constitutes an essential feature of arteriosclerosis, 
Wherein this effect can be attained through arresting the onset 
and development of arteriosclerosis by reducing the expres 
sion level of scavenger receptor A in arterial Walls and pre 
venting lipid buildup in macrophages. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS : 4 










